C14, and the incorporation of radioactivity into plasma proteins was studied. The proteins were isolated and identified electrophoretically and by immunological techniques. PROCEDURE 
Incubation
Tissues were procured immediately after delivery and dropped into chilled isotonic saline. Slices about 0.5 mm. thick were prepared with a Stadie-Riggs slicer. One gram of tissue was added to 2.5 ml. of Krebs-Ringerbicarbonate buffer (5) in a 25-ml. flask to which had been added 5 micrograms of Aureomycin and about one million counts per minute of glycine-2-C,4 (Tracerlab). Radioactivity was determined as described below. The slices were incubated with constant shaking for 18 hours in a water bath at 370 C.
Electrophoresis
At the end of incubation, the tissue slices were centrifuged down and discarded. Incubation media from each type of tissue were pooled and dialyzed against three changes of isotonic saline during 24 hours at 50 C. The bag contents were lyophilized and redissolved in 1 ml. isotonic saline to reduce to volumes suitable for electrophoresis. The samples were dialyzed for three hours against veronal buffer, pH 8.6 , and then separated by starch electrophoresis and the protein pattern developed as described by Kunkel and Slater (6) . One ml. of human plasma was run in parallel on the same block to serve as marker for the plasma protein fractions.
To determine the radioactivity curve, the protein was precipitated from an aliquot of each eluted fraction by the addition of equal volumes of 10 per cent trichloracetic acid (TCA). The The precipitates were washed with saline, dissolved in concentrated ammonium hydroxide, and transferred to planchettes for determination of radioactivity.
Heart. Because of insufficient material, only electrophoretic separation could be done in the first experiment. In the second experiment, a preliminary separation was performed by dialysis against 1.75 M ammonium sulfate (7) . The precipitate, containing all the gamma globulin and a fraction of the other globulins, but little albumin, was redissolved in saline. Immunological precipitates were made in the "albumin" fraction (supernatant) and the "globulin" fraction.
Placenta. After electrophoretic separation, it was demonstrated that the radioactive proteins were distributed in the alpha and beta globulin fractions. These fractions were separated ( Figure 3 , fractions 5 to 9 and 10 to 14, respectively), and specific precipitates were made in each fraction.
In earlier experiments with term placentas the technique described by Keston and Katchen was used (8) . After incubation the tissues were homogenized and the mixture centrifuged. The supernatant was dialyzed against saline and specific precipitates were made in aliquots of the supernatant without preliminary electrophoresis. To provide an estimate of non-specific adsorption by the protein precipitates, specific precipitates were made The beta globulins were prepared by starch electro-phoresis of human plasma. Antisera were prepared against alpha and beta globulin fractions individually but were found to be immunologically indistinguishable by the techniques used in this study. They were then used interchangeably. The guinea pig albumin and antiserum were prepared in similar fashion.
Determination of radioactivity
The protein precipitates were transferred in solution to aluminum planchettes covered with filter paper to produce even distribution, and dried under an infra-red lamp. Radioactivity was determined in a D-46A Nuclear Flow Gas Counter, and the counts were corrected to infinite thinness.
RESULTS
The electrophoretic pattern of normal plasma proteins ( Figure 1 A) is paralleled strikingly by the total radioactivity of the proteins in the medium used for the incubation of liver slices (Figure 1 B) , except that there is no incorporation of radioactivity into proteins with gamma globulin mobility. The electrophoretic pattern of the proteins in the incubation medium (Figure 1 C) , probably representing primarily liver proteins, is quite dissimilar.
Carrier precipitates were made by adding various plasma proteins and their specific antisera to fractions of the electrophoretically separated proteins, as previously described. The results are pre- Table II . It is evident that a significant amount of radioactivity is carried down by a specific precipitate prepared in the appropriate fraction (e.g., the human albumin precipitate in the albumin fraction), and that it is considerably less in the inappropriate portions of the curve (e.g., the albumin precipitate in the globulin fraction). Precipitates prepared with guinea pig albumin and its specific antiserum, to give an index of nonspecific adsorption, also contain much less radioactivity. The gamma globulin precipitates seemed to give non-specific results. This suspicion was verified by demonstrating extensive cross-reaction between human albumin and our gamma globulin antiserum. The gamma globulin precipitates also incorporated as much radioactivity as the beta globulin precipitates even though the radioactive proteins had an electrophoretic mobility corresponding to the latter.
The results of the experiments with fetal heart are presented in Figure 2 and Table III . The electrophoretic pattern of the radioactive proteins in the incubation medium (Figure 2 B) resembles more closely that of the presumed tissue proteins (C) than the plasma proteins (A). The amount of radioactivity incorporated is much less than in the liver experiment (note the difference in scale in Figures 1 and 2) .
Unfortunately there was insufficient material after electrophoretic separation to permit immunological identification. Accordingly, in a second experiment, preliminary separation was done with ammonium sulfate. There is a significant amount of radioactivity in the beta globulin and albumin precipitates made in the supernatant (Table III) . However, the results with guinea pig albumin in- dicate that this is probably because of non-specific adsorption.
The results of an experiment with term placenta are given in Figure 3 . The total radioactivity of the proteins in the incubating medium (B) parallels the protein pattern (C) more closely than that of the plasma proteins (A). There is no radioactivity in proteins with albumin or gamma globulin mobilities. It is presumed that the albumin peak in C is derived from blood in the tissue slices since the placenta apparently does not synthesize proteins with this mobility (B).
The results of similar experiments with placentas from 3 to 4-month pregnancies are not reproduced here because there are no important differences. The radioactive proteins moved primarily in the beta and alpha globulin zones. There were no radioactive proteins with albumin mobility, but a small amount overlapped the faster moving gamma globulins. As with term placenta the pattern resembled more closely that of the proteins of the incubating medium than that of plasma proteins.
Carrier precipitates were made by adding plasma proteins and the specific antisera to the alpha and beta globulin fractions (Figure 1 , fractions 5 to 9 and 10 to 14, respectively). In the early placenta, the amount, of radioactivity in the precipitates was about the same -as that obtained with guinea pig albumin, and probably represented non-specific absorption. However, in term placentas there was significantly greater radioactivity in the precipitates prepared with plasma globulins (Table IV) .
In earlier experiments using immunological isolation of proteins without preliminary electrophoretic separation (Table V) , there is more radioactivity in the gamma globulin precipitate than in the control precipitates. In the type of experiment presented in Table V A, the slices were homogenized in the incubating medium and the immunological precipitates made in the supernatant. In Table V B, the precipitates were made in the incubating medium without preliminary homogenization of the tissue. The reduction in non-specific adsorption is evident.
DISCUSSION
This investigation was originally undertaken to determine if the placenta could synthesize plasma proteins. The albumin and gamma globulin fractions were first investigated because reports from other workers had suggested that the placenta may synthesize these fractions. The Table  V A are presented the results of a typical experiment with term placenta. The amount of radioactivity incorporated into the gamma globulin precipitate appeared significant; however, the amount of radioactivity in the control precipitates was also appreciable. In a second series of experiments (Table V B) , the specific precipitates were made in the incubating medium without' preliminary homogenization of the tissue, since it seemed reasonable that the plasma proteins would diffuse out of the cell. This reduced the amount of radioactivity brought down in the control precipitates, verifying the negative results with albumin and making more significant the results with gamma globulin. Cross-reaction between bovine and human gamma globulin ( 11) probably accounted for the intermediate amount of radioactivity in the former precipitates. These results have been previously presented (12) .
The technique of electrophoretic separation followed by immunological precipitation was resorted to in an attempt to better identify the proteins. The data obtained with fetal liver and heart will be discussed first, since they add to the interpretation of the results with placenta.
The experiments with liver give clear cut evidence that the fetus is already capable of synthesizing plasma proteins by 3 to 4 months gestation. The electrophoretic separations indicate that the liver is capable of synthesizing all of the electrophoretically identifiable proteins except gamma globulin. These results conform with those of perfusion experiments with adult rat liver (13) and slice experiments with adult guinea pig liver (14) . The immunological studies confirmed the identity of the proteins and gave further information about sub-fractions of the beta globulins. The gamma globulin precipitates gave puzzling results. The radioactivity carried down in the albumin fraction was probably the result of crossreaction. We later demonstrated extensive crossreaction between our gamma globulin antiserum and albumin. However, the gamma globulin precipitates were just as effective as the /globulin precipitates in bringing down radioactivity among proteins with beta and alpha globulin mobility. This was also true in experiments with term placenta, as will be discussed below. It is well known that the plasma globulins are closely related immunologically (15) . The question may be raised as to whether immunological differentiation is even less distinct at this early stage of development.
The results with fetal heart are clearly different from those obtained with liver, and conform with what might be expected from an organ that synthesizes proteins for its own use. The radioactive proteins that have diffused into the medium are small in amount and the electrophoretic pattern resembles that of the non-radioactive proteins in the medium, probably representing tissue proteins.
Because of the small amount of tissue available from fetal heart, and the low level of incorporation of radioactivity into proteins, there was insufficient material after electrophoretic separation to permit the preparation of immunological precipitates in the various fractions. In the second experiment, ammonium sulfate, precipitation was employed to separate roughly the proteins. The albumin and beta globulin precipitates made in the supernatant, after ammonium sulfate precipitation, had radioactivity. Since this fraction might be expected to contain the albumin and a large proportion of the beta globulins, and since there was also radioactivity in these fractions as determined electrophoretically, this finding might have been considered significant. However, a heterologous precipitate indicated that the radioactivity was incorporated by non-specific adsorption. The proportion of radioactivity brought down with the guinea pig albumin precipitate in this experiment may be contrasted with that in the fetal liver (Tables II and III) .
In the experiments with term placenta, electrophoretic identification of the radioactive proteins demonstrated that the placenta did not synthesize proteins with either albumin or gamma globulin mobility (Figure 3 B) . The proteins moved into the alpha and beta globulin area and appeared to be related immunologically to all three globulin fractions in that each carrier precipitate brought down approximately the same amount of radioactivity (Table IV) .
Particular pains were taken with the gamma globulin precipitates because of the paradoxical results with electrophoretic separation. In a series of experiments, different antigens and different antisera were used. In one experiment the gamma globulin antigen was prepared by precipitating diphtheria toxoid with immune human serum, the precipitate being largely composed of the specific anti-diphtheria gamma globulin. The results in all experiments were essentially the same.
It would be of interest to know if the globulins synthesized by the placenta have functional similarities to plasma globulins. Good and Zak have presented an interesting report (16) of a woman with agammaglobulinemia who was immunized repeatedly during pregnancy. Antibodies were detected in the mother in the last months of pregnancy and circumstantial evidence indicated that the placenta might be the source of the antibodies. Since some antibodies have electrophoretic mobilities similar to those of the radioactive proteins in our experiments with placenta (17), we made attempts to demonstrate antibody synthesis using the Keston and Katchen technique with placentas from mothers immunized against tetanus and diphtheria. The attempts were unsuccessful. This does not exclude the possibility that the placenta synthesizes antibodies in amounts too small to be detected by this technique, or that it may synthesize antibodies under abnormal conditions (for example, agammaglobulinemia in the mother).
It is not likely that under normal circumstances the placenta contributes significantly to the plasma proteins of the fetus. The placenta from pregnancies of 3 to 4 months duration does not synthesize any plasma proteins detectable by this technique (Table IV) . By this stage of pregnancy, the fetal liver is already actively synthesizing all plasma protein fractions except the gamma globulin. The gamma globulins as identified electrophoretically are probably supplied by the mother. SUM MARY 1. Liver slices from human fetuses of 3 to 4 months gestation were incubated with glycine-2-C14. The proteins were separated electrophoretically and immunologically, and the incorporation of radioactivity was determined. It was concluded that the liver at this stage of development is already capable of synthesizing plasma proteins, exclusive of gamma globulin.
2. Similar studies were conducted using human fetal heart for purposes of comparison. The differences were striking and conform with the picture of an organ synthesizing proteins for its own use.
3. Experiments with human placenta from pregnancies of 3 to 4 months duration have demonstrated that the placenta will incorporate glycine-2-C14 into proteins with alpha and beta globulin mobilities. These proteins are immunologically unrelated to plasma proteins.
4. Similar experiments with term placentas revealed incorporation of radioactivity into proteins with similar electrophoretic mobility. However, these proteins are related immunologically to plasma globulins.
5. At neither stage of pregnancy does the placenta synthesize proteins that are electrophoretically identifiable as albumin or gamma globulin.
6. It is concluded that under normal circumstances the placenta does not contribute significantly to the plasma proteins of the fetus. Beginning early in gestation, the fetal liver is capable of synthesizing all plasma proteins except gamma globulin. The gamma globulin is probably derived from the mother.
